Insomnia is prevalent in bipolar disorder (BD) even during periods of euthymic mood. We compared resting state brain activity and cognitive function between euthymic BD with and without insomnia, and secondarily to healthy individuals. BD patients with insomnia symptoms showed a significantly lower functional connectivity within the task-positive network, compared to those without insomnia. They also showed significantly slower cognitive processing speed. These two features of BD with insomnia appeared relatively independent of each other. Preliminary findings suggest that exploration of the mechanisms of sleep disturbance in BD could lead to improved understanding and treatment of inattention in BD.
Introduction
Insomnia is prevalent in those with bipolar disorder (BD) and remains during euthymic periods (Harvey et al., 2005) . Evidence suggests that sleep deprivation contributes to cognitive deficits, impulsivity, relapse, and quality of life (Harvey et al., 2009) . Among those adverse outcomes, cognitive deficits are important for patients' social and vocational functioning. Although the cognitive impairments found in persons with BD are often subtle, improving neuropsychological processing may dramatically improve psychosocial functioning in BD patients. However, the precise brain mechanisms underlying circadian rhythm disturbance and poor sleep in BD remain unclear, and very few studies consider sleep disturbance when interpreting imaging findings (McKenna and Eyler, 2012) .
Resting-state functional connectivity (rsFC) measures the temporal correlation of spontaneous blood-oxygen-level-dependent (BOLD) signals between spatially remote brain regions during times when subjects are not performing attention-demanding cognitive tasks. Resting state analyses consistently identify two main networks: the default mode network (DMN), involved in self-referential processes including autobiographical memory; and the task positive network (TPN), involved in attentional control and behavioral response via the salience, dorsal attention, and ventral attention subnetworks. (Fox et al., 2005) . Alterations in rsFC have been reported in both BD and insomnia.
Resting-state studies of BD suggest abnormal resting-state network function and connectivity, including aberrant DMN connectivity and mood state-related alterations in DMN and TPN. Ongür et al. (2010) reported that the left parietal cortex, left frontopolar cortex and left fusiform gyrus had significantly more coherence with the DMN network in manic and mixed state BD subjects. Another rsFC study showed a significant difference between euthymic BD and healthy controls (HC) in terms of connectivity between the medial prefrontal cortex and the right dorsolateral prefrontal cortex (Favre et al., 2014) . Brady et al. (2017) reported greater rsFC between parietal, occipital, and frontal nodes within the dorsal attention network (DAN), one of the TPN, in mania compared to euthymic BD or HC, and hypoconnectivity between dorsal frontal nodes and the rest of the DMN in euthymic BD patients compared to manic BD subjects and HC. These findings suggest that some rsFC abnormalities in DMN and TPN might be related to BD pathogenesis; whereas, some changes in connectivity may be state-dependent.
Several resting-state functional connectivity studies have sought to determine whether patients with insomnia have connectivity alterations in the DMN or TPN. Li et al. (2014) reported that individuals with insomnia showed decreased functional connectivity within the DMN including the medial prefrontal cortex, the medial temporal lobe and the inferior parietal cortices. These are brain regions mediating attention and arousal. In addition, a structural connectivity study demonstrated reduced cortical thickness covariance between anterior and posterior regions of the DMN in patients with insomnia compared with good sleepers (Suh et al., 2016 
